Arsenic in Drinking Water 


Dr. John T. O’ConrfOr, PE 
H 2 0’C Engineering 




Arsenic in Drinking Water 


Part 1. Development of Drinking Water Regulations 
Part 2. Human Exposure and Health Effects 


Part 3. Occurrence of Arsenic ii^.S. Waters 
Part 4. Arsenic Removal Methods 




plater Errgm&e rj mj t i ml Managem ent, 


Volume 149, Numbers 2, 3, 5, 6 
February, March, May, June 2002 





Arsenic Species 


Arsenous Acid, H 3 As0 3 — S, 3H + + As0 3 - 
Trivatent Arsenic, As (III) -^jarsenite ion 

Arsenic Acid, H 3 As0 4 3H+ + As0 4 - 

Pentavalent Arsenic, As~(V) --arsenate 
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in Drinking Water 

Part 2: Human Exposure and Health Effects 

















Arsenic Health Effects 


Organ System 

Problems (after Dhaka [Bangladesh] 

Medical College, 1998) 

Skin 

Symmetric hyperkeratosis of palms and soles, 
melanosis or depigmentation, Bowen s disease, 
basal cell carcinoma and squamous cell carcinoma. 

Liver 

Enlargement, jaundice, cirrhosis, non-cirrhotic 
portal hypertension 

Nervous System 

Peripheral neuropathy, hearing loss 

Cardiovascular System 

Acrocyanosis and Raynaud’s Phenomenon 

Hemopoietic System 

Megalobastosis 

Respiratory System 

Lung cancer 

Endocrine System 

Diabetes mellitus and goiter 
















Linkage of Arsenic to Cancer 


2001: 

The Johns Hopkins University researchers 
report the exposure of cell lineCfo low levels of 
arsenic trioxide results in a decrease in the 
activity of the enzyme, telomerase. This enzyme 
maintains the length of chromosomal ends 
(telomeres). ~ I- - ^ ~ - 

The progressive decrease in the-length of the 
telomeres after each healthy cell division could 
lead to the formation otcancerous calls. ^53 


Lung and Bladder Cancer Risk 


Table 1: Theoretical Maximum Likelihood Estimates 

of Excess Lifetime Risk of Lung Cancer and Bladder Cancer 
for U.S. Populations Exposed at Various Concentrations of Arsenic 
in Drinking Water (Incidence per 10,000 people) 



Bladder Cancer 

Lung Cancer 

Arsenic, pg/L 

Females 

Males 

Females 

Males 

3 

4 

7 

5 

4 

5 

6 

11 

9 

7 

10 

12 

23 

18 

14 

20 

24 

45 

36 

27 






CCA-Treated Lumber 



By 2004, USEPA will 
not allow chromated 
copper arsenate 
(CCA) products for 
specified residential 
(consumer) uses. 







Arsenic MCL 


1942: USPHS- 50 fjg/l arsenic - cardiovascular damage 
1975: USEPA begins reevaluating 50 ptjfl MCL 
1989: USEPA misses deadline for setting MCL 



1996: Safe Drinking Water Act Amendments require USEPA 
to promulgate a revised MCL by January 1, 2001; 

- missed deadline extended to dun &22, 2001 


Arsenic MCL 


1999: NRC - 50 pg/l needs lowering “as quickly as possible” 

2000 (June): USEPA proposes a revisedT\/ICI_ of 5 pg/l; 

requests comments on 3,10 and 20 pg/l 

2000 (Dec): Clinton AjpwiTistration app roves T0"pg/i-MC^ 

2001 (Mar): USEPA Admin. Christine Whitman withdraws MCL 


USEPA Proposes 5 pg/l MCL 


2000: 

USEPA considers 3 to 20 jtig/l and proposes 
5 /jg/l MCL for arsenic 


Mining, wood preserving and drinking water 
industry groups voice strorig^opposition on 
econo mjg grounds 



Western states strongly_pbject, citing 
compliance costs for small communitie&K 


USEPA MCL Set at 10 Mg/I 


2001 (January) 

Clinton administration approves recommended 
10 ^/g/l arsenic MCL beginning Nfarch, 2001 ; 

- same standard used by European Union 

WHO (InternationajJJjjnking-Watjpp-StancUirds^lOyi) 
provisionally recofimieiided 10 /jg71 Tr because~DT the 
lack of suitable testing methods” 

Based on health concerns alone,'WHOTSrsenic 

standard “would—ie-1-ower still ” "t 


New Administration Opposes MCL 


2001 (February) 

Congressional opposition voices outrage over 
hastily drawn, “midnight” regulation. 


Mining and wood-preserving industries initiate 
lawsuit attacking USEPA’s “science” 


Albuquerque, NM ^^TPaso, T X~ 
utilities join industries suit. 



Senator Pete Domenici-(R-NM) introduces bill to 
void the arsenic standard 


USEPA MCL Withdrawn 


2001 (March) 

New USEPA Administrator withdraws 10 jug/l 
arsenic standard citing concern over costs 


President Bush calls for decision based on 
“sound science” w 


Christine Todd Whitman initiates ‘independent 
review’ by a new, select NRC panel. ^ ^ 


Arsenic health risk assessment due in 
August, 2002. EN 
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In Search of “Sound Science” 


2001 (April) 

USEPA reorganizes National Drinking Water 
Advisory Committee-, asks pan£po conduct a 
cost-benefit analysis 



Senate bill introduced to a 
water systems to'Tfotlfy customers if t 
contains arsenic and at what level 
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2001 (September) 

NAS-NRC releases updated arsenic risk report: 


risks of bladder and lung canc&from arsenic in 
drinking water were previously underestimated 




panel estimates that 
water would pose a 
lung cancer 
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Back to Square 10 


2001 (October) 

USEPA Administrator rescinds March decision; 
embraces 10 pg/l MCL 


Potential for future mul reauction to 3 ug/i 




in Drinking Water 

Part 3: Occurrence of Arsenic in U.S. Waters 
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Generally highest arsenic concentrations 


Generally lowest arsenic concentrations 
Insufficient data 




Utilities Affected 


5,125 groundwater systems < 10,000 

75% already have treatment 

180 groundwater systems > 10,000 

Primarily weste rr^tates. ~ 

New Mexico, Nevada, California, Utah, Idaho, Oregon 


Midwest: ^ 

Nebraska, Illinois, Indian&rMichigan —I 



Arsenic, pg/l 


Array of Arsenic Concentrations in 87 Missouri Drinking Water Supplies (after NRDC - 2001) 



1 21 41 61 81 


Missouri Drinking Water Supplies 











































































Arsenic, |jg/l 


Array of Arsenic Concentrations in 56 Central Illinois Well Water Samples (ISWS Contract Report 579 



Central Illinois Well Water Samples 





































































Arsenic, pg/l 


70.0 


Array of Arsenic Concentrations in 347 Illinois Drinking Water Supplies (after NRDC - 2001) 



Illinois Drinking Water Supplies 


















































































Arsenic, |jg/l 


300.0 


Array of Arsenic Concentrations in 886 California Drinking Water Supplies (after NRDC - 2001) 



California Drinking Water Supplies 













































































































































































Arsenic, pg/l 


Array of Arsenic Concentrations in 597 Kansas Drinking Water Supplies (after NRDC 2000) 
70.0 


52.5 


35.0 


17.5 


0 

1 101 201 301 401 501 



Kansas Drinking Water Supplies 












Arsenic, pg/l 


Array of Arsenic Concentrations in 155 New Hampshire Drinking Water Supplies (after NRDC - 20 



New Hampshire Drinking Water Supplies 













































































Arsenic, |jg/l 


Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 

150 


113 


75 



Nevada Drinking Water Supplies 








































































Arsenic, |jg/1 


Array of Arsenic Concentrations in 155 Nevada Drinking Water Supplies (after NRDC - 2001) 



Nevada Drinking Water Supplies 












































































































































Array of Arsenic Concentrations in 503 New Mexico Drinking Water Supplies (after NRDC - 2001) 



101 201 301 401 501 


New Mexico Drinking Water Supplies 






































































in Drinking Water 

Part 4: Arsenic Removal Methods 











Arsenic Removal Technologies 
(as confounded by USEPA) 


Precipitative Processes 

Coagulation/Filtration, a.k.a. Membrane (Processes 

Iron/Manganese Oxidation Mcrofiltration 

Coagulation- Assisted Microfiltration ^yftrafiltration 


Enhanced Coagulation 
Lime Softenim 


Adsorptive Processes 

Activated Alumina 

Iron Oxide-Coated Sand 
Ion Exchange 



Nanofiltreation 
Reverse Osmosis 
'Hectrodialysis Reversal 

-Attend attve (Adsorptive)^ 
Technologies 

Oxidation Filtration 
Sulfur-Modified Iron 
Granular Ferric Hydroxide 
Iron Filings 


USEPA-Designated 

Best Available Treatment Processes 

Conventional Treatment 
Aeration / Filtration 
Coagulation/Filtration 
Lime Softening 

Adsorpti on Medi a" 

Activated Alumin a^ ,,, *^ Aiiuj i pt lorron A l O^nTpTnE - 
Anion Exchange Strongly Basic Anion Exchange Resin 

Membran£ZErocesse>> 3z<* 

Reverse Osmosis; ftiectrodialysis Reversal^ERING 


Adsorption on Fe, Mn Oxides 
Adsorption on Aluminum Oxides 
Adsorptrofi on Fe, Al, Mg Oxides 



SB Arsenic Ren oval 






























Removal of Fe, Mn from Groundwater: 
Aeration, KMn04, Greensand Filters 




























































Arsenic 
reduced 
from 20 to 
< 3 jL/g/l 
























Monitoring Filter 
Performance 
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Arsenic in Filter Backwash 
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Arsenic recovered 
in Fe(OH) 3 sludge 




























POE / POU Treatment Devices 


Utilities would: 

own, operate and maintain the POE/POU devices; 


ensure compliance with the MCLs; 

seek revisions to local ordinandi to require 
consumers to provide access to the installed devices. 


Frequent sampling, ^diUOnai start may 
Pilot testing on the source water would be required. 




USEPA Places Limitations 
on Small Communities 


Coagulation/filtration, lime softening, 
reverse osmosis and electrodialysis reversal 
are not designated as BAT for systems 
with fewer than 500 service connections. 


USEPA has defined 
“small system co 
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Technologies^ 

limiting arsenic removal technology for smaller 
communities based on the presumption that they 
will not be able to provide^lappropriale” 
operation and maintenance. SJ 


w 


Proprietary Media for Arsenic 


‘Package plants’ with proprietary media: 

Filtronics “Electromedia” 

media backwashed and^Sbntinually reused 


General Filter’s GFH (granular ferric hydroxide) 
media repiasSd afteumthaiisil nn 

University of Missouri-Columbia (Dr. Stanley Manahan) 

triple reverse burn (TR B) ch ar _ 

prepared from a sub-bituminous coal ZZJZ 

^ ^ - ENt 


Arsenic Removal Costs 

USEPA estimated costs to meet 10 ng/l MCL 


Capital Cost: $900 million* 

Annual O&M: $118 million 

Annual Monitoring & Administrat O: $2.7 million 
Average Annual Water Bill Increase: $32 

(all 4,100 affected systems) 

Annual Water Bill Incj 

(~2,500 affected systems serving < 3,300) 

*Does not consider other treatment benefits; 
selection of alternate sources; 
use of least costly treatment processes. 




Summary 


Arsenic in Drinking Water 


New Arsenic MCL: 10 jL/g/l 
Compliance Date: January 23, 2006 

Potential Health Effects: Skin damage; diabetes; problems with 
circulatory systems; possible increased risk of lung/bladder cancer 

Sources of Arsenic in Drinking Water: Mfhtng, erosion of natural 
deposits; leaching of CCA-treated lumber; runoff from orchards; 


glass & electronics production wastes 



Arsenic Removal Technologies^ Precjj 
Processes, AlternativflrfGFtLSMU- — 


liv e, A dsorptive, Membrane 


www.epa.gov/safewater: 

- Implementation Guidance for the Arsenic Rule 

- Arsenic Small System's Treatment Technology Design Manual (draft) 

- Draft Guidance for Implementing a POU or PO E Tr eatment Strategy 

- Technologies and Costs for. Removing Arsenic from Drinking Water 

- Using DWSRF Funds to^emply with the New Arsenic Rule 
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